Large predators respond to land cover and physiography that maximize the likelihood of encountering prey. Using locations from global positioning system-collared wolves (Canis lupus), we examined whether land cover, vegetation productivity or change, or habitat-selection value for ungulate prey species themselves most influenced patterns of selection by wolves in a large, intact multiprey system of northern British Columbia. Selection models based on land cover, in combination with topographical features, consistently outperformed models based on indexes of vegetation quantity and quality (using normalized difference vegetation index) or on selection value to prey species (moose [Alces americanus], elk [Cervus elaphus], woodland caribou [Rangifer tarandus], and Stone's sheep [Ovis dalli stonei]). Wolves generally selected for shrub communities and high diversity of cover across seasons and avoided conifer stands and non-vegetated areas and west aspects year-round. Seasonal selection strategies were not always reflected in use patterns, which showed highest frequency of use in riparian, shrub, and conifer classes. Patterns of use and selection for individual wolf packs did not always conform to global models, and appeared related to the distribution of land cover and terrain within respective home ranges. Our findings corroborate the biological linkages between wolves and their habitat related to ease of movement and potential prey associations. Wolf (Canis lupus) research in North America and Europe has focused on the dynamics between wolves and their prey. In particular, studies have quantified prey selection (Darimont et al. 2004; Jędrzejewski et al. 2000) , kill rates (Webb et al. 2008; Zimmerman et al. 2007 ), functional responses (Hayes and Harestad 2000), the potential to limit and (or) regulate prey populations (Eberhardt et al. 2003) particularly in singleprey systems (e.g., elk [Cervus elaphus]- Hebblewhite et al. 2002) , impacts on ungulate population dynamics associated with wolf predation risk (Hebblewhite and Merrill 2007) , and the ability of wolves to structure entire communities by mediating trophic cascades (Hebblewhite et al. 2005) . Scientific modeling efforts have concentrated on how wolves use human-dominated landscapes Houle et al. 2010 ) and the dynamics of recolonizing wolf populations (Oakleaf et al. 2006; Potvin et al. 2005 ). Comparatively few (e.g., McLoughlin et al. 2004 ) have examined habitat use by wolves in relatively natural systems.
Habitats include the resources and conditions provided by an area's physical and biological characteristics. Habitat selection is a hierarchical process (Johnson 1980) . Studies on wolves often focus on 1st-order habitat selection (based on landscape-scale features) to project favorable wolf habitats and potential population recovery over regional scales (Glenz et al. 2001; Mladenoff and Sickley 1998; Mladenoff et al. 1995) . At the scale of 2nd-order selection (choosing a home range on the landscape) factors involved in selection can be more difficult to quantify because of interactions with neighboring packs, longterm trends in prey abundance and diversity, and how one defines the extent of the study area that is available for a home range. Analyses at the smaller scale of 3rd-order selection (choosing habitats within the home range) can help to elucidate spatial and temporal variation in habitat-selection strategies (Gustine et al. 2006a; Houle et al. 2010; Johnson et al. 2002a Johnson et al. , 2002b . To optimize fitness a wolf pack must use its range efficiently to minimize energy expenditures and maximize prey encounter rates (Alexander et al. 2005) . Processes within home ranges often have been ignored in ecological studies of wolves, partly because of their designation as habitat generalists (Mech 1995) and partly because of general conclusions from broadscale studies that relate wolf occupancy of a landscape to broad metrics of prey density (Fuller 1989; Messier 1995; Potvin et al. 2005) and road density (Mladenoff et al. 1995) . As a result, wolf management has largely taken the view that as long as prey densities are sufficient to support wolf populations, and as long as road densities (as an index of human-caused mortality) remain below a certain threshold, wolves will persist (Fuller 1989; Thiel 1985) . However, recent studies have shown that wolves exhibit functional responses within habitat selection at the scale of the home range with varying levels of human activity and with cumulative effects of landscape alteration (Houle et al. 2010) , which may have important consequences for management and persistence.
Understanding why animals use the landscape and ranges on that landscape as they do is fundamental to the management and conservation of wildlife populations. Huggard (1993) proposed a simple qualitative model to explore functional responses of wolves preying on 5 ungulate species in Banff National Park, Alberta, Canada. Assumptions of the model were that detectability and probability of a successful kill were the same across ungulates and wolves did not switch prey types with changing density. Huggard argued that fundamentally all ungulates should be equally profitable to wolves upon encounter, and therefore prey selectivity should depend on those factors that influence encounter rates as opposed to density, as such. Apparent preference for a particular prey species changes with abundance only if abundance is related to encounter rates where prey species can be forced into marginal habitats (e.g., lower elevations used by sheep) frequented by wolves traveling between predictable elk herd locations. More recently, Mitchell and Powell (2004) developed spatially explicit general models that examined the mechanisms structuring home ranges. The most important factor determining the quality, efficiency, resource content, and spatial distribution of home ranges was the extent to which resources were clumped across the landscape. How resources were distributed within a home range fundamentally influenced selection patterns that structured use.
We used logistic regression and resource selection models with inputs based on geographic information systems and remote sensing, and global positioning system locations, to describe habitat selection within the home range by wolves in an intact, large-mammal, multiprey system in the northern Rocky Mountains of British Columbia. The study was done as part of characterizing the predator landscape (Milakovic 2008) , in conjunction with concurrent fieldwork on the movements and habitat selection of the major ungulate prey species Parker 2008a, 2008b; Gustine and Parker 2008; Gustine et al. 2006a Gustine et al. , 2006b Walker et al. 2007 ). Wolves and grizzly bears (Ursus arctos horribilis) are the focal predators assumed to be capable of regulating ungulate populations in this system. We examined seasonal variation in habitat selection by wolves and how strategies of habitat selection differed among packs. We assumed habitat to include land-cover classes, vegetative diversity (fragmentation of land cover), and topographic attributes (slope, elevation, and aspect). Our objectives were to characterize habitat selection by wolves in a system relatively undisturbed by modern human activity and provide a quantifiable ecological baseline to which responses to future anthropogenic activities might be compared. As such, we assessed wolf responses to attributes included in 3 general hypotheses-wolves are most influenced by land-cover classes and topographic features that are likely to encompass habitat requirements (such as prey species and den sites); by changes in plant biomass and quality that might drive movements of ungulate prey, which provide the majority of the diet for these wolves (Milakovic and Parker 2011) ; or by habitat-selection values for the ungulate prey species themselves that cohabit the same landscape.
Wolves require sufficient ungulate prey. If wolves do not exhibit prey preference due to equal profitability, detection, and capture of all ungulate species (Huggard 1993) , and if prey selectivity is independent of density, then the fundamental resource units within a wolf home range are not ungulate prey, as such, but rather the distribution of those habitat features that facilitate and maximize encounters with potential prey during both intentional and random hunting forays. Under this scenario we would expect wolves to respond directly to land-cover and topographical features rather than to plant biomass and quality (potential indexes of prey density) or selection values for specific prey items. Further, because functional responses are anticipated to differ among packs Houle et al. 2010; Huggard 1993) , we expected variation in selection patterns among packs related to the distribution of habitat features (and associated resources) within each pack's home range (Mitchell and Powell 2004) .
MATERIALS AND METHODS
Study area.-Our study area (,7,400 km 2 ) encompassed the Besa River and the Prophet River in the southeastern portion of the Muskwa-Kechika Management Area in northern British Columbia, Canada. This Besa-Prophet area, located between 57u119 and 57u159N, and 121u519 and 124u319W, includes the Besa-Prophet pretenure planning area (where future oil and gas exploration and development are permitted as long as wildlife and wilderness values are maintained), Redfern-Keily Provincial Park (set aside to protect sensitive areas and wildlife), and portions of surrounding areas (Fig. 1) . Topography is characterized by wide, prominent east-west river valleys with headwater systems located in rugged highmountain terrain exceeding 3,000 m in the western extent of the study area. A series of north-south ridges with elevations generally below 2,500 m characterize the rolling foothills-type terrain in the central portion of the study area. The eastern extent of the study area is bounded by an expanse of open spruce (Picea glauca and P. mariana 3 P. glauca) flats and muskeg with patches of upland aspen (Populus tremuloides) stands. The Besa-Prophet has relatively little human access, with no roads and only a single all-terrain vehicle trail with low snowmobile activity in winter. It also is relatively free of industrial influences except for some seismic oil exploration in the eastern portion. The Besa-Prophet supports one of the largest and most diverse predator-prey systems in North America (British Columbia Ministry of Sustainable Resource Management 2002) . Ungulates include moose (Alces americanus), elk (C. elaphus), caribou (Rangifer tarandus), Stone's sheep (Ovis dalli stonei), and a few mountain goats (Oreamnos americanus). Wolves numbered approximately 12/1,000 km 2 , based on pack sizes and annual use areas, during the current study (Milakovic 2008) . Densities of 29 grizzly bears/1,000 km 2 were reported for the Northern Boreal Mountains, which encompass a portion of the Besa-Prophet study area (Poole et al. 2001) . Other large mammalian predators include black bears (Ursus americanus), coyotes (Canis latrans), wolverines (Gulo gulo), and lynxes (Lynx canadensis).
The study area is dominated by 2 biogeoclimatic zones (Meidinger and Pojar 1991) , the spruce-willow-birch zone of subalpine spruce, willow (Salix spp.), and birch (Betula glandulosa), and alpine tundra at elevations . 1,600 m. The spruce-willow-birch zone in the Besa-Prophet occupies elevations ranging between 800 and 1,600 m. Valleys in the spruce-willow-birch zone consist of intermittent to closed forest cover of white spruce (P. glauca) and variable amounts of lodgepole pine (Pinus contorta) and aspen on lower slopes. The alpine tundra zone, comprising approximately 16% of the Besa-Prophet, is treeless, unless trees are in stunted or krummholz form. Alpine vegetation is dominated by prostrate woody plants and some herbs, bryophytes, and lichens, but much of the alpine landscape consists of rock, ice, and snow. In the Besa-Prophet Dryas spp. and Cassiope spp. are the dominant dwarf shrubs in the alpine tundra zone.
Wolf capture and locational data.-Twenty-six wolves from 5 packs (Pocketknife, Lower Besa, Nevis, Dopp-Keily, and Richards-Prophet) were monitored with global positioning system collars (Simplex-Televilt, Lindesberg, Sweden) between December 2001 and September 2004 (Fig. 1) . Following den failure in 2002, both the Dopp and Richards animals shifted their territories and pack membership in 2003 and were renamed the Keily and Prophet packs, respectively, for the drainages they occupied. All research was approved by the Animal Care and Use Committee at the University of Northern British Columbia; methods conformed to guidelines of the American Society of Mammalogists (Gannon et al. 2007 ). We programmed collars to acquire locations every 6 h for 2 years. Two to 4 collars were deployed in a pack at any given time to account for the possibility of collar failure and dispersal.
We retrieved 7,447 global positioning system locations via remote download or collar retrieval from 25 collared wolves, for an average fix rate across packs of 61% 6 7% (mean 6 SD; range 5 52-70%). The average fix rates were based on the total number of locations obtained per pack over the course of the study due to the deployment of multiple collars per pack, after removing duplicate locations obtained at the same date and time. We did this because variation in individual collar performance was high (4-83%) and because the pack was our sampling unit to define resource selection for that territorial group. By pooling locations from multiple collars in a single pack and accounting for duplicate temporal locations, overall fix rate increased but precluded an assessment of random effects by individual . The low fix-acquisition rates could have introduced global positioning system-collar bias for wolf locations, but corrections for potential terrain and land-cover characteristics (Frair et al. 2004) or habitat transition probabilities (Nielson et al. 2009) were not feasible, nor can they deal with the geographical space of missing locations for a far-roaming predator in a heterogeneous landscape (Frair et al. 2010) . Most likely biases probably are associated with closed conifer forests and perhaps north-facing aspects. Our fix rates were lower than those obtained from collars deployed on wolves in the rolling boreal habitats of Quebec (77-93%- Houle et al. 2010 ) and the eastern slopes of Banff National Park, Alberta (90%- Hebblewhite and Merrill 2008) , each with similar terrain to that in our study, suggesting data loss due to collar performance also was possible. Therefore, habitat-selection coefficients always should be interpreted with caution, but the deployment of multiple collars in each pack reduced data loss.
Study design.-Because land managers commonly assess habitat value based on readily obtained biophysical characteristics of the landscape (land cover, elevation, and aspect), we present data on use of these attributes by wolves in the Besa-Prophet study area. Selection patterns that wolves employ result in habitat use (the way in which animals use the biophysical components of a habitat- Hall et al. 1997) . Models for selection (the process by which an animal might choose which habitat components to use) help to define which attributes, chosen in response to their availability and in combination with other attributes, have the greatest influence on habitat use. To quantify habitat selection by wolves and define how selection of different attributes can change among seasons, we used logistic regression to estimate the coefficients of an exponential approximation to the logistic function of use versus availability, which resulted in relative coefficients (b) of selection (Boyce et al. 2002; Manly et al. 2002) . Because our available points are not known to be true absences, these coefficients in resource selection models do not represent the absolute probability of use by animals (Keating and Cherry 2004 ; but see Johnson et al. 2006 ). However, they do provide relative measures of selection in terms of relative probabilities. The intercept terms generated by the models are uninformative parameters, and hence, we did not present them with the selection coefficients for the models (Johnson et al. 2006) .
Global positioning system locations of wolves were compared to randomly sampled locations (Manly et al. 2002) within the 95% minimum convex polygon home range by season for each wolf pack. We assumed that locations near the periphery of a home range were related to territory marking or extraterritorial forays and that the 95% minimum convex polygon better represented the area where individuals were most likely to be found (Bowen 1982 ) than a 100% minimum convex polygon. Five points per use point (Gustine et al. 2006a ) were generated randomly within each 95% minimum convex polygon for each year and season using the random point generator extension (Jenness 2003) in Arcview 3.2 (Environmental Systems Research Institute, Redlands, California). We used these points to characterize availability.
We identified 5 seasons for wolves based on biological criteria: winter (1 January to 28 February, breeding and peak snow depth), late winter (1 March to 31 April, predenning activities), denning (1 May to 31 July, pup-rearing and ungulate calving), late summer (1 August to 31 September, nursery stage when pups are physically immature and occasionally nurse at rendezvous sites), and fall (1 October to 31 December, pups are nearly fully grown and traveling with the pack). We set 50 use points as a minimum for a season to be included in analyses to satisfy issues of sample size and model separability.
Given the social structure of wolves, selection was analyzed at the pack level (type III design-Thomas and Taylor 1990) within a home range (3rd-order selection -Johnson 1980) . We used the coefficients (b) from logistic regression analyses to define selection of attributes by year and season across wolf packs (global) and within wolf packs. We pooled seasonal data across years for each season because few collars yielded .2 years of data for a particular season. We conducted separate selection analyses for Dopp and Keily packs and for Richards and Prophet packs because their territories shifted to areas with potentially different land-cover classes and topographic characteristics (Fig. 1) .
Geographic information systems and remote sensing data.-Land-cover classes and topographical covariates were 25-mresolution raster geographic information system data. Elevation was extracted from a digital elevation model from the 1:20,000 British Columbia Terrain and Resource Inventory Management program (British Columbia Ministry of Crown Lands 1990), which also was used to create slope and aspect layers. Aspect was categorized into north (315-45u), east (45-135u), south (135-225u), and west (225-315u) directions. Pixels with slope 1u were assigned no aspect. Elevation (km) and slope (u) were entered as quadratic (i.e., linear and squared terms) in all selection models to allow for selection or avoidance at intermediate values of elevation and slope. For example, selection for mid-elevations occurs when b is positive for elevation and negative for elevation 2 . Fifteen land-cover classes were identified using an August 2001 Landsat Enhanced Thematic Mapper image (Lay 2005) and then combined into 10 major land-cover classes according to similarity of vegetation and elevation and possible prey associations (Table 1 ). An index of vegetation fragmentation was created from the initial landcover classes, which were grouped according to coarse vegetation cover to represent fragmentation as open or closed cover types (Gustine et al. 2006a ). We used a moving 175 3 175-m window or kernel to classify each pixel in the geographic information system layer of land cover into 1 of 3 fragmentation classes (low, medium, or high), which served as an index of land-cover diversity. We ran selection models for wolves based on land-cover classes alone and in combinations with slope, aspect, elevation, and fragmentation.
Numerous studies have found the seasonal differences in multitemporal normalized difference vegetation index (NDVI) values to be important in explaining movements of wildlife species (Griffith et al. 2002; Pettorelli et al. 2007) . NDVI is correlated with plant biomass (Ruimy et al. 1994; Tucker and Sellers 1986) , and the change in NDVI has been correlated with vegetation quality (Oindo 2002) . Both measures are highly dependent on understory vegetation, rather than just open or closed canopies (Gustine et al. 2006a ). Lay (2005) used 14 Thematic Mapper and Enhanced Thematic Mapper Plus images from Landsat satellites to generate NDVI images at 25-m resolution during the growing season for 3 years (2001) (2002) (2003) in the Besa-Prophet study area. NDVI data were acquired in June, July, and August. We used these NDVI and change in NDVI values and substituted them for the landcover classification in competing selection models to determine whether land cover or vegetation productivity or quality or both, as potentially related to the distribution of ungulate prey (Gustine et al. 2006a) , was important in driving selection patterns of wolves. We analyzed NDVI in selection models only for the denning and late-summer seasons when changes in the profiles of NDVI are functionally related to moisture content of understory vegetation, in contrast to overstory NDVI values that remain relatively stable (Hardy and Burgen 1999) . For these 2 seasons we ran selection models for wolves based on NDVI and change in NDVI values alone and in combinations with the land-cover classes and topographic variables above.
Concurrent with this study, global positioning system data were collected on the movements of prey and used to generate selection surfaces by season for moose Parker 2008a, 2008b) , elk (Heinemeyer et al. 2004a (Heinemeyer et al. , 2004b ), Stone's sheep (Walker et al. 2007) , and caribou (Gustine et al. 2006a (Gustine et al. , 2006b , where each pixel on the landscape was ranked 0 to 1. Logistic regression models for moose, Stone's sheep, and caribou incorporated animal locations, land-cover class, elevation, slope, aspect, the index of fragmentation, curvature (an index of concavity or convexity in Stone's sheep models only), vegetation biomass and quality, and an index of predation risk from wolves and grizzly bears. Prey models performed adequately based on k-fold cross-validation and Spearman rank correlation (r s ; caribou: all r s 0.93, all P , 0.001; moose: all r s 0.73, all P , 0.020; Stone's sheep: all r s 0.88, all P , 0.001). Habitat values for elk in the BesaProphet were modeled previously in a conservation area design for the area (Heinemeyer et al. 2004a (Heinemeyer et al. , 2004b . For each ungulate species areas with highest selection values generally corresponded to highest proportion of use by that species (Gustine and Parker 2008) , although we did not have data on ungulate densities. These prey-selection surfaces were incorporated into models competing with those generated from land-cover class and topographic features to determine the extent to which high-selection values for prey contribute to the habitat-selection patterns of wolves. Eight combinations of these layers were chosen for analysis. We ran models for wolves using selection values for moose, elk, caribou, or Stone's sheep to determine whether wolves might be keying in on a single prey species seasonally. We ran models to determine whether multiple prey species based on prey biomass or some degree of habitat overlap were important to wolves by using the selection surfaces for moose and elk, for elk and Stone's sheep, and for caribou and Stone's sheep. We also ran a model including all 4 selection values for moose, elk, caribou, and Stone's sheep to determine if wolves used generalist hunting patterns (collinearity among the 4 prey species , 0.3). We used seasonal prey-selection surfaces that corresponded most closely with the seasons we defined for wolves in this study (as noted above). Details on the construction of the selection layers for prey species are based on habitatselection coefficients found in each of the source references Parker 2008a, 2008b; Gustine et al. 2006a Gustine et al. , 2006b Heinemeyer et al. 2004a Heinemeyer et al. , 2004b Walker et al. 2007 ).
Modeling procedures.-We used logistic regression and then the information-theoretic approach to evaluate resource selection models for wolves (Burnham and Anderson 2002) . We constructed global models across years and packs by pooling global positioning system locations, and we also constructed seasonal selection models. Given the high number of parameters in model sets and the number of models generated, we used a conservative tolerance score of ,0.3 to assess potential collinearity among variables (Menard 2002; Sokal and Rohlf 2000) . Correlated variables were substituted in identical models and ranked separately. For example, vegetation biomass (NDVI), vegetation quality (change in NDVI), and an interaction term (biomass 3 quality) were entered as separate covariates in competing models given the high degree of collinearity (tolerance , 0.3) among variables. Categorical classes for which there was no use were excluded in model formulation to avoid issues of separation (Menard 2002) . All statistical analyses were run in STATA (version 9.2; StataCorp 2006), and we used the add-in Desmat (Hendrickx 1999) to specify specific deviation coding of categorical variables. We used Akaike's information criterion corrected for small sample sizes (AIC c ; n/K , 40- Burnham and Anderson 2002) to rank the model sets for wolf packs. Akaike weights (w i s) provide an estimate of the relative probability that the top model is the best among the suite of candidate models. We selected a single model as the likely top model if its w i was 0.90. If the top model had an associated w i , 0.90, we averaged the selection coefficients (b) from the suite of top candidate models for which the sum of their respective w i s was 0.95 (Burnham and Anderson 2002) . The sign of b indicates selection (positive) or avoidance (negative) of particular attributes (as adjusted by all of the other parameters in the selection model) and provides an indication of the importance of attributes relative to each other. We used the kfold cross-validation procedure averaged across 5 random subsets and a Spearman rank correlation (r s ) to determine the predictive ability of each top model; values of r s . 0.70 indicated good model performance (Boyce et al. 2002) . We assumed significance of all tests at a 5 0.05.
RESULTS
Seasonal habitat selection and use across wolves.-Global selection models containing land cover, fragmentation, aspect, and elevation best explained habitat selection across wolf packs during winter, late winter, and denning, with 99% of the weight of supporting evidence (w i ) provided by a single model (Table 2 ). In the late summer and fall the top 2 models containing land cover, fragmentation, aspect, and slope were averaged for a combined w i of 1.00. None of the top-ranked models that described selection by wolves included vegetation biomass (NDVI) or quality (change in NDVI) or selection value for prey as important factors. Relative to prey value, models that included selection values for all 4 ungulate species described selection by wolves slightly better than models with 1 prey species or a combination of prey species. Nonetheless, when 99% of the evidence explaining habitat selection by wolves was provided by the top models with land cover (Table 2) , ,1% was explained by models with NDVI or selection value for prey.
Specific land-cover classes and topographic features were selected or avoided consistently across wolf packs in the BesaProphet (Table 3) . Wolves tended to avoid conifer stands, the stunted spruce and non-vegetated classes, areas of low fragmentation, and west aspects year-round. Wolves selected for shrub communities and high-fragmentation areas across seasons. Other land-cover classes also were seasonally important to wolves. Wolves selected alpine shrub communities during denning, late summer, and fall; Elymus-dominated burns during winter, late winter, and denning; subalpine spruce during late summer and fall (avoided during late winter); and open alpine areas during winter, late winter, and late summer (avoided during denning). Wolves avoided north aspects in late winter but selected them from denning through fall. South aspects also were seasonally important, because wolves selected for these areas in late winter and denning. Wolves selected for low elevations during winter and late winter and for shallow slopes from denning through fall.
These selection strategies resulted in the highest frequency of use in 3 land-cover classes: riparian spruce (18-30% of locations depending on season), shrub communities (13-21%), and conifer stands (14-19%), varying with the season (Fig. 2) . The highest proportion of locations each season was always in riparian spruce communities. In addition, wolves made substantial use (,28% of observations) of alpine classes (open alpine and alpine shrub) in late summer. In both late summer and fall almost one-third of wolf locations were in the alpine and subalpine spruce areas. Wolves used the burned cover classes (deciduous burns and Elymus burns) most during late winter (19%) compared to other seasons (4-12% of locations). The least used of the land-cover classes tended to be the low-productivity stunted spruce (2-7%) and nonvegetated (3-6%) areas. Approximately one-half of all wolf locations were in high-fragmentation areas across seasons, and ,20% were in low-fragmentation areas.
Mean elevations used by wolves in the Besa-Prophet ranged between 1,287 6 52 m (mean 6 SE) and 1,399 6 13 m, depending on season. Variation among packs was least (coefficient of variation [CV] 5 11%) during late winter, when wolves frequented lowest elevations, and highest (CV 5 16%) during denning (Fig. 3) . The highest use of any aspect was in late winter when 38% of wolf locations were on southfacing slopes; this compares to 20% of locations in late summer (Fig. 4) . Wolves used east aspects most consistently across seasons (21-28%), west aspects the least of the cardinal directions (9-16%), and flat areas least of all (averaging 10% across the year). Wolves frequented shallow and moderate slopes, with 80% of all locations on slopes , 20u. Strategies of individual wolf packs.-Habitat selection and use by individual wolf packs in the Besa-Prophet did not always conform to the global selection model and the averaged frequencies of use across packs. The top-ranked selection models for each pack by season almost always included land cover, aspect, and fragmentation (Appendixes I and II). Some models also incorporated slope or elevation (Appendix III). Vegetation biomass, as indexed by NDVI during denning and late summer, was included in 4 top-ranked models but was significant in only 2 of those models. The Pocketknife and Lower Besa packs both selected against high-biomass areas during denning (Appendix III). Selection value for prey was included only in selection models for the Richards pack. This pack selected for areas ranked as potentially high-quality habitat for moose during the denning and fall seasons and avoided areas of potentially high-quality habitat for caribou during denning and for elk and Stone's sheep during the fall.
Selection of land-cover classes was highly variable among packs and seasons (Appendix I), although almost all packs avoided conifer stands, stunted spruce, and non-vegetated areas (as in the global model). The Nevis pack was the only pack to select for shrub communities year-round (as in the global model). The Dopp animals appeared to specialize in alpine environments because they selected for the alpine shrub and open alpine classes between denning and fall during 2002 and again in the winter of 2003 when they shifted their territory as the Keily pack.
Selection for diversity of land-cover classes and terrain features varied by pack (Appendix II). For example, the Lower Besa and Pocketknife packs selected significantly for highfragmentation areas in 3 of the 5 seasons, in contrast to the Nevis pack that selected significantly against these areas during the fall. Packs tended to select for south aspects in late winter and denning (except the Pocketknife). Packs (except the Prophet) tended to seek flat to moderate slopes during denning and late summer. Elevation also was an important parameter in habitat selection during winter or late winter (except for the Richards pack; Appendix III).
Selection strategies and the resultant habitat use among packs varied with home-range location on the landscape (Fig. 1) . The Lower Besa and Pocketknife packs occupying the boreal flats and muskeg in the eastern portion of the study area used riparian spruce areas extensively (Lower Besa: 42-62% of locations depending on season; Pocketknife: 23-57%). They also heavily used shrub communities (11-23%) and conifer stands (11-22%). Both eastern packs frequented east (23-38%) and north (13-29%) aspects most and typically were found below 1,200 m. The lowest mean elevations used were during denning (Pocketknife: 1,061 6 9 m; Lower Besa: 976 6 9 m; mean 6 SE). In contrast, the Nevis pack inhabiting the rolling foothills terrain of the central study area, and the western packs (Richards, Prophet, Dopp, and Keily) in the more mountainous terrain, used south aspects (17-52%) most heavily and were at lowest elevations in late winter (Nevis: 1,389 6 9 m; Richards: 1,258 6 14 m; Prophet: 1,315 6 13 m; Dopp: 1,445 6 13 m; Keily: 1,393 6 13 m). These packs also concentrated activities in shrub, conifer, and riparian spruce classes, but the western packs increased their use of alpine shrub communities during denning through fall (13-36%). All packs used areas with high fragmentation (30-67%) more frequently than areas with low (7-29%) or medium (27-44%) fragmentation.
DISCUSSION
With increasing human development and subsequent habitat fragmentation in many areas, the opportunity to examine habitat selection by large carnivores in systems with relatively little anthropogenic disturbance is increasingly uncommon. We examined habitat selection by a previously unstudied wolf population in an intact predator-prey ecosystem in the northern Rocky Mountains of British Columbia where future oil and gas development is likely to occur. We focused our analyses on 3rd-order selection processes of 5 individual wolf packs. The territories of these 5 packs sufficiently overlapped the extent of the Besa-Prophet pretenure planning area to consider these animals as the population for management. Management decisions should integrate, to the extent possible, the variation in habitat selection and use among packs, particularly because the cumulative effects associated with future large-scale developments could be nonlinear and difficult to predict (Johnson et al. 2005) .
Habitat-selection processes and subsequent use patterns by wolves in the Besa-Prophet can be interpreted relative to the likelihood of encountering ungulate prey and the ease of movement on the landscape. As social animals that defend a territory, wolves exhibit both central place and nomadic periods throughout the year. In a multiprey system where access to prey is relatively easy, wolves should routinely visit land-cover classes (e.g., burns and avalanche chutes) that maximize encounters with predictable ungulate prey (e.g., elk herds), taking advantage of alternative prey items randomly (Huggard 1993) . The ability to encounter, detect, and capture prey ultimately depends on habitat and spatial features (Kunkel and Pletscher 2001) . Hence, the movements of ungulates and dispersion of land-cover classes contribute to differences among packs.
Selection models for wolves based on land cover consistently outperformed models based on vegetation quantity and quality (NDVI) and models based on selection value for ungulate prey, supporting the hypothesis that land cover and terrain features best describe selection patterns of wolves in the Besa-Prophet. Vegetation associations can be indicative of prey habitats (Carroll et al. 2000; Swan 2005) . Selection by wolves in the Besa-Prophet for both low-and high-elevation shrub communities and Elymus-dominated burns probably increased the likelihood of encountering moose and elk that were important components of wolf diets (Milakovic and Parker 2011) . Others (e.g., Houle et al. 2010 ) also have concluded that wolves select areas that provide forage biomass or security cover for ungulates. Use of burned areas in particular by wolves was documented in Glacier National Park (Arjo and Pletscher 2004) . Wolves also select hard edges between different land-cover classes or areas that are structurally complex (Bergman et al. 2006; Hebblewhite and Merrill 2008; Houle et al. 2010) , again potentially increasing the encounter rate with prey species that select for a complexity of vegetation types for bedding, browse, or concealment of young (Alexander et al. 2005) . We used fragmentation as a measure of land-cover diversity, and highfragmentation areas were selected and used consistently by wolves in the Besa-Prophet.
Avoidance of conifer stands and north-facing stunted spruce stands by wolves in the Besa-Prophet probably is related in part to ease of movement within territorial boundaries. Use of open forest with low topographic complexity has been linked to reductions in energy expenditure associated with travel (Alexander et al. 2005; Paquet 1993) , although some cover is important to wolves for den and rendezvous sites and protection and concealment (Corsi et al. 1999; Mech 1970; Swan 2005; Theuerkauf et al. 2003) . Wolves in the BesaProphet also selected against high elevations and steep slopes in the winter, thereby minimizing energetic costs in areas where prey vulnerability is often low (Paquet et al. 1996) .
We had hypothesized that NDVI would provide an index of vegetation productivity and quality that would be related directly to the distribution of prey species and subsequently the selection patterns of wolves in the Besa-Prophet during denning and late summer. This was not the case, even though NDVI is highly correlated with greenness (Oindo 2002; Ruimy et al. 1994; Tucker and Sellers 1986) , and greenness has been shown to be correlated with ungulate density (Carroll et al. 2001) . Huggard (1993) noted that ungulate densities within a home range influence prey selectivity only indirectly by changes in encounter rates. In a heterogenous landscape with high numbers of multiple prey species, therefore, changes in NDVI might have little direct impact. As such, NDVI might be more appropriate for analyses at 1st or 2nd orders of selection, which relate broad patterns of ungulate abundance and distribution to landscape occupancy by wolves, rather than to analyses of use and selection patterns within and among home ranges, such as those considered here.
We also had hypothesized that the habitat-selection values for specific ungulates would explain habitat selection by wolves. However, selection patterns across wolf packs indicated that wolves were not selecting areas that ungulates were selecting (often to minimize predation risk). Given relatively high densities of ungulates in the Besa-Prophet, wolves might have been using opportunistic travel routes between land-cover classes that maximized encounter rates among a diverse range of prey items, rather than focusing on a single species (Huggard 1993) . For one wolf pack, however, models including selection value for prey were ranked highest during the denning and fall seasons (r s 5 0.90 and 0.88, respectively). The Richards pack showed strong selection for areas that were ranked as relatively high quality for moose. This result is consistent with stable isotope data showing that the Richards pack consumed primarily moose during summer and fall (Milakovic and Parker, in press ). The apparent avoidance of areas ranked as high quality for elk, caribou, and Stone's sheep should be interpreted with caution because these ungulates did contribute to the diet of this pack.
Interpack differences in habitat selection and use were associated with terrain features within wolf territories (Huggard 1993) . The Dopp-Keily animals appeared to be alpine specialists, selecting alpine shrub and open alpine communities across seasons. These land-cover classes are habitat components for both caribou (Gustine et al. 2006a ) and Stone's sheep (Walker et al. 2007 ). The range of the DoppKeily animals also encompassed rugged, high-elevation terrain associated with the headwater systems of the Besa River and Keily Creek, where hanging basins and high-elevation meadows support high densities of moose and increasing numbers of elk. All 4 ungulate species were consumed by the Dopp-Keily wolves (Milakovic and Parker 2011) . In contrast, the neighboring Nevis pack consistently selected low-elevation shrub communities across seasons. Moose and elk in the area encompassing the home range of the Nevis pack select for the extensive riparian areas and burned slopes on the foothills terrain, respectively (Gillingham and Parker 2008b) . Moose and elk made up most of the diet of the Nevis pack (Milakovic and Parker 2011) . The heavy year-round use of lowelevation riparian areas by both the Pocketknife and Lower Besa packs can be explained by the prevalence of this landcover class within their respective ranges at the eastern edge of the study area. Moose are prevalent on the boreal flats, and elk are abundant along the low mountain range that separates the 2 territories. Stable isotope analyses indicate that these 2 prey species accounted for most of the diets of both packs year-round (Milakovic and Parker 2011) .
We presented data on individual packs because all wolf packs do not use the landscape as suggested by 1 global model. Global models provide a framework for a population, but the reasons for variability around parameters are better understood by describing selection and use by individual packs. Resource scientists should be cognizant of the consequences of anthropogenic changes in relation to this variability among packs. It was only by analyzing habitat use and selection by pack that we detected the importance of vegetation biomass or prey-selection value. Why the 2 eastern wolf packs selected sites for denning that were best described by low vegetation biomass as opposed to land cover is not apparent. Further, why the western Richards pack selected areas described by ungulate prey value and other packs did not warrants further study. Presumably, local conditions and seasonal movements by ungulates were more consistent across years for some packs than others.
In addition to results from selection models, data on use provide important information on the value of land-cover classes for management purposes. For example, we observed global selection by wolves for open alpine, shrub, and alpine shrub classes in all seasons except denning. These 3 landcover classes together represented ,17% of the available landscape in the Besa-Prophet, and more than one-third of all wolf observations each season (except late winter) were in these areas. The amount of riparian cover in the Besa-Prophet was comparable. However, wolves did not select for riparian cover in all seasons, even though the highest proportion of use among all land-cover classes always occurred there. Models also indicated that wolves selected against conifer classes almost the entire year. Nonetheless, these conifer classes were important because use was high, particularly during winter and late winter when proportional use was almost equivalent to use of the riparian areas. Therefore, we recommend presenting both coefficients from resource selection analyses and data on relative use to indicate both the direction and magnitude of land-cover interactions. Together, this information provides a better understanding of animal distributions on the landscape.
Our research provides information on habitat selection and use by wolves that will be applicable to the long-term management of this population. Our findings corroborate the biological linkages between wolves and their habitat related to ease of movement and potential prey associations. Examination of all data indicates that wolves in the Besa-Prophet responded to land cover and physiography that maximize the likelihood of encountering ungulate prey species. They did not appear to respond specifically to the selection values of the ungulate prey or to broad measures of vegetation biomass (NDVI) or quality (change in NDVI), potentially because of equal profitability among ungulate prey types in a multiprey system or because of variability in habitat conditions within home ranges, including ungulate availability and distribution. Differences in patterns of use and selection among packs appeared to be related to the distribution of land cover and terrain within respective home ranges, coinciding with differences in patterns of prey consumption. 
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